The lipolytic hypothesis of fat absorption advocated by Verzar and McDougall7 in 1936 maintains: that ingested fat undergoes emulsification to soap and complete hydrolysis to fatty acid and glycerol in the small intestine; that a solid pavement epithelial structure exists on the intestinal mucosal cells; that the fatty acids pass through the membrane as soluble complexes with bile salts, while glycerides do not pass through the membrane; that all fatty acid is resynthesized to tri-glyceride in the intestinal cell, in which process phosphorylation under control of the adrenal gland is essential; that paraffins may not be absorbed; and that the particles of fat pass into the blood stream via the lacteal-lymphatic system.
The lipolytic hypothesis of fat absorption advocated by Verzar and McDougall7 in 1936 maintains: that ingested fat undergoes emulsification to soap and complete hydrolysis to fatty acid and glycerol in the small intestine; that a solid pavement epithelial structure exists on the intestinal mucosal cells; that the fatty acids pass through the membrane as soluble complexes with bile salts, while glycerides do not pass through the membrane; that all fatty acid is resynthesized to tri-glyceride in the intestinal cell, in which process phosphorylation under control of the adrenal gland is essential; that paraffins may not be absorbed; and that the particles of fat pass into the blood stream via the lacteal-lymphatic system. Frazer in 19383 brought forward the partition hypothesis of fat absorption as an alternative hypothesis and maintains:4 that emulsification occurs through the formation of a triple complex of "fatty acid/bile salt/lower glyceride"; that only partial hydrolysis is possible to fatty acid and di-and monoglycerides and later glycerol; that a cannicular structure is present on the outer intestinal mucosal layers; that fatty acids pass through the membrane either as soluble compounds or complexes, while glycerides pass through the membrane as a finely dispersed emulsion of negatively charged particles less than 0.5 in diameter; that the adrenal cortex controls the normal electrolyte balance which is closely related to the absorption of charged particles; that resynthesis is not essential in the absorptive mechanism; and that the fatty acid fraction passes to the liver mainly via the portal system, whereas the glyceride fraction passes via the lacteal-lymphatic system to the blood stream and thence to the fat depots.
In addition to demonstrating that glycerides may be absorbed, Frazer5 has shown that paraffin emulsions may also be absorbed. The present study was made to determine if emulsified mineral oil was efficient in carrying carotene across the intestinal wall, and if it was, to see where and in what amounts it was distributed; to determine the efficiency of corn oil as a carrier of carotene, and to determine the efficiency of a mixture of fatty acids of corn oil as a carrier of carotene.
Experimental procedure
Four groups of adult white rats of approximately the same age and weight were used. During the experiment each rat was kept in an individual cage and was allowed to continue to eat a fox chow diet.
The three different carotene mixtures were tube fed to the respective groups twice daily, in the morning and in the evening. Three different catheters and syringes were used. No aspiration of the material was observed and the one rat that developed a diarrhea after an initial feeding of fatty acid was discarded.
The first group of seven animals received an emulsion of mineral oil containing 1 mg. of carotene per cc. of oil in human serum. (One rat in this series was used for histological and trial chemical analysis.)
The second group of 6 rats received the corn oil containing 0.5 mg. of carotene per cc. of oil.
The third group of animals received the fatty acids of corn oil containing 0.5 mg. of carotene per cc. of fatty acids.
In all three of these mixtures, alpha tocopherol was added to the oil so that a concentration of about 0.01 per cent was present.
The fourth group of 6 rats constituted a control group, the non-saponifiable fraction of the feces, liver, lungs, spleen, and the rest of the animal being separately determined.
Preparation of an emulsion of mineral oil containing carotene:
The emulsion for group one was prepared by using a modification of Eckles Two daily feedings of 6 cc. each were tube fed to a series of 7 rats in group one for a 10-day period.
Group two rats received two daily 3 cc. tube feedings. Each cubic centimeter of corn oil contained 0.5 mg. of carotene. A 10-day period was used.
Group three rats received two daily feedings of the fatty acids of corn oil. Each cubic centimeter of corn oil fatty acids contained 0.5 mg. of carotene and the animals were given a 3 cc. dose twice daily for a 10-day period. Preparation of the fatty acids of corn oil:
Corn oil was saponified by heating with 40 gm. of KOH, 27 cc. of distilled water, and 200 cc. of 95 per cent alcohol to 100 gm. of oil for 30 minutes. Water was then added and then 20 per cent HCI was added to neutralize the mixture. The fatty acids then precipitated and they were washed several times with water and dried over anhydrous sodium sulphate. The emulsion that formed when washing was broken by centrifugation. This mixture of fatty acids was solid at room temperature. Carotene determination:
Before the feeding was begun, initial examination of the feces revealed no carotene present. (The amount of non-saponifiable material in a three-day feces sample was also initially determined.) Carotene was determined by extracting the feces in warm Bloor's mixture and using the Beckman spectrophotometer. An initial curve of the preparation of carotene supplied by Dr. G. 0. Burr showed an absorption maximum at 450, when the solvent was Bloor's mixture (95 per cent akohol and redistilled ethyl ether 3:1). It was found that in the dilution used there was no interference from bile pigment.
The carotene content of the organs (liver, lung, and spleen) was determined by macerating the organs with sand and warm alcohol in a mortar; the entire mixture was allowed to stand for several hours in a volumetric flask. An aliquot was then taken and the dilution so controlled that at the absorption maximum of the carotene in alcohol (450,u) a density reading somewhere between .400 and .800 was attained. It was found that in the dilutions used there was no interference by extraneous material. Non-saponifiable fraction determination:
The non-saponifiable fraction was determined by saponifying an aliquot of the extracted lipid material, using a mixture of 40 gm. of KOH, 200 cc. of 95 per cent alcohol, and 27 cc. distilled water to an estimated 100 gm. of fat. The mixture plus fat was heated for 30 minutes at a boiling temperature. Distilled water was added and then petroleum ether. This was allowed to stand several hours and was shaken several times. The ether layer was then separated. A second washing was carried out. The combined petroleum ether mixtures were thien reduced in volume to about 10 cc. by evaporation of the petroleum ether under reduced pressure. The mixture was then transferred to a small tared vial and evaporation of petroleum ether was continued until constant weight was attained. A similar technique was used in the determination of the non-saponifiable fraction of the organs (liver, lung, spleen). The organs were removed and ground with warm 95 per cent alcohol in a mortar with some sand. The entire mixture was then transferred to a volumetric flask and allowed to stand several hours. An aliquot of this was then saponified as described above and the non-saponifiable fraction determined.
In determining the non-saponifiable and carotene fractions of the body of the rat, exclusive of the liver, lungs, and spleen, the animal was ground in a meat grinder and saponification was carried out as before except that heating was continued for 24 hours. Water was added as before and a petroleum ether extract was obtained.
Aliquots were used to determine the carotene by means of a Beckman spectrophotometer and the non-saponifiable portion was gravimetrically determined as previously described.
The experiment was ended three days after the last feeding of the animals to insure that no unabsorbed carotene was present in any large amount in the intestinal lumen.
From the third through the fifth day of the experiment, a 3-day feces sample was collected. Each day the feces were placed in the refrigerator to prevent destruction of carotene. These samples were analyzed, as mentioned before, for carotene and in group one for the non-saponifiable fraction in order to determine the amount of absorption of carotene and emulsified mineral oil.
Experimental results and discussion Relatively large quantities of carotene may be deposited in the body tissues of the rat with about 90 per cent recovery of the carotene fed ( Table 7 ). The loss may be due to the limitation of the analytical method or to destruction of the carotene by bacteria in the gastrointestinal tract and by autoxidation.
Under the conditions of these experiments an emulsion of mineral oil with a particle size of 0.5 or less is absorbed from the alimentary tract of rats to the extent of about 65 per cent ( Table 3 ). Carotene that is contained in such a particle readily passes through the gastro-intestinal wall. The distribution of the carotene is a systemic one and would support the idea that these particles entered the circulation via the lacteallymphatic system.
Carotene in unemulsified corn oil is only slightly better absorbed (Table 2) , and its distribution throughout the body is almost precisely the same as when administered in a fine emulsion of mineral oil (Table 10) .
On the other hand, the mixed fatty acids of corn oil are not efficient carriers of carotene across the gastro-intestinal wall and most of the carotene which is absorbed passes to the liver ( 
